Modeling of regulatory loops controlling galactolipid biosynthesis in the inner envelope membrane of chloroplasts.
In Angiosperms, the biosynthesis of galactolipids involves enzymes localized in the inner envelope membrane (IEM) of chloroplasts, including a phosphatidic acid phosphatase (PAP), dephosphorylating phosphatidic acid (PA) into diacylglycerol (DAG), and MGD1, transferring a galactose onto DAG thus generating monogalactosyldiacylglycerol (MGDG). It has been shown that PA and DAG could be synthesized in the plastid via the so-called 'prokaryotic' pathway or imported from the endoplasmic reticulum via the 'eukaryotic' pathway. In vitro studies support the existence of (1) a negative regulation of the plastid PAP by DAG and (2) an activation of MGD1 by PA. We developed a mathematical model of the IEM galactolipid biosynthesis pathway to understand the properties of the system ruled by the presence of these two regulatory motifs. We demonstrated that the design of the system implies that PA should accumulate to levels that are not observed experimentally, regardless of its prokaryotic or eukaryotic origin. PA should therefore be used for other syntheses, such as that of phosphatidylglycerol. Whereas a massive influx of eukaryotic PA appears unlikely, an influx of eukaryotic DAG in the IEM is supported by simulations. The model also implies that DAG cannot transiently accumulate and that PA mainly acts as a signal switching the whole system on. Eventually, this analysis highlights the fact that the PAP enzyme could easily become dispensable and that the design of the system, with the two regulatory motifs, could precede the loss of the PAP gene or activity in this pathway, a phenomenon that occurred independently in most clades of Angiosperms.